The eff ects of diff erent levels of grazing utilization (two, three and four grazing cycles per year) and mineral fertilization (nil-fertilization; N 100 P 30 K 60 ) on the botanical composition of permanent grasslands were studied in the locality of Rapotín (Czech Republic, 332 m a.s.l.) from [2003][2004][2005][2006][2007][2008][2009][2010]. The vegetation of the experimental pasture was classifi ed as Cynosurion. It was found that moderate treatment (three grazing cycles per year) without mineral fertilization showed the highest value of diversity index (DI = 6.08), and maximum dominance of legumes (D max = 9.1%), particularly Trifolium repens. The highest dominance of grasses (D max = 77.7%), mainly Dactylis glomerata and Elytrigia repens, was achieved with the fertilized treatment utilized in two grazing cycles per year. Based on RDA results, tested management treatments explained 26% of species composition variability, where eff ect of number of grazing cycles per year was fi ve-times higher than eff ect of fertilization. We recommend grassland utilization in three grazing cycles per year as the most suitable way from the objective of both species diversity and botanical composition of pastures in similar site conditions. Pasture fertilization should be more controlled by careful consideration of individual pasture goals, actual nutrient status of the soil and possible environmental risks.
INTRODUCTION
One of the most effi cient methods of maintaining grasslands and their natural value is cattle grazing. Grazing was always typical particularly of less favoured areas (LFA) where grasslands were established or formed during a long-term natural, social and agrarian development. In these areas, replacement of ruminant farming by another agrarian activity is impossible in practice (Hervieu, 2002) .
However, owing to grassland intensifi cation in Central and Western Europe in the second half of the 20 th century the majority of grasslands have been converted into uniform swards consisting of only a few productive species , which also resulted in temporary or permanent abandonment of low productive or marginal grasslands (Kryszak and Kryszak, 2005; Pavlů et al., 2008; Prévosto et al., 2011; Habel et al., 2013) . Especially, in mountain regions, abandonment of grassland takes place on sites with unfavourable climatic, pedological and/or topographical conditions (Bohner and Starlinger, 2011) .
Using livestock to develop and maintain biodiversity on grassland/rangeland systems is a new target in many regions of the world (Isselstein, 2005) .
Consequently, pasture management is a big issue in the prevention of negative changes in many marginal areas (Caredda et al., 2002) . Ecologists suggest that the relationship between grazing and diversity should be better exploited to the benefi t of many degraded grasslands or rangelands. Understanding the infl uence of livestock enterprises on grazing land is critical for the development of management strategies needed to optimize ecosystem functions (Schacht and Reece, 2008) .
It is necessary to select convenient methods of management and utilization of permanent grasslands to use fully their potential (Kohoutek et al., 2011) and to ensure their biodiversity maintenance.
Grassland experiments were conducted across many sites in Europe with the aim to explore plant diversity of grasslands in relation to various factors (Hellström et al., 2006; Andrieu et al., 2007; Wellstein et al., 2007; Peter et al., 2008; Wrage et al., 2011; Lemaire, 2012) . Regarding to botanical composition, researches were usually connected mainly with eff ect of fertilization (e.g. Hrevušová et al., 2009) , rarely to changes in way of grassland utilization. Klimeš et al. (2008) studied the infl uences of diff erent ways of managing and exploiting permanent grasslands (mowing -grazing; harvest frequency; fertilization) on the diff erentiation of their typological structure, biodiversity and productivity in the Bohemian Forest. These authors found that stands grazed three times per year had signifi cantly positive values of species richness or diversity. Pavlů et al. (2006 Pavlů et al. ( , 2008 investigated the eff ects of diff erent grazing management on diff erent sward parameters (such as sward structure, plant species diversity, herbage growth and forage quality). Species that responded positively to grazing were the predominately short growing Trifolium repens, Taraxacum spp., Veronica arvensis and Agrostis capillaris.
In our study, eff ects of diff erent grazing management of permanent grassland were evaluated with respect to botanical composition and fl oristic diversity. The following questions were addressed: i) How are plant species richness and plant species composition aff ected by diff erent management on Cynosurion pasture? ii) Which type of management is suitable from the view of botanical composition of grasslands and their fl oristic diversity maintenance?
MATERIAL AND METHODS

Study Site
The pasture experiment was set up on permanent grassland sites in the locality of Rapotín (49°58'N, 17°0'E) in 2003. The locality is situated at 332 m a.s.l. Average annual temperature is 7.2 °C and annual precipitation 693 mm. More detailed meteorological data are given in Tab. I. The soil is sandy-loam, type fl uvisol (horizons Ao -A/Cc -C). Tab. II shows the basic agro-chemical soil properties determined at the beginning of the trial by Ržonca et al. (2005) classifi ed as Cynosurion with some elements of Arrhenatherion (Moravec et al., 1995) . The experiment lasted from 2003 to 2010. Before the experiment setup the grassland was utilized as pasture for cattle by using continuous grazing without any artifi cial fertilization.
Treatments
For the experimental evaluation, we used a data set of six vegetation plots representing grasslands with diff erent intensity of utilization and diff erent fertilization. The plots with area of 200 m 2 were grazed rotationally by heifers from the suckler cows breeding system with four (P4), three (P3) or two (P2) grazing cycles per year. Each type of utilization was established in a treatment with or without additional application of mineral fertilizers N 100 P 30 + K 60 (pure nutrients). Phosphorous was applied as superphosphate [Ca(H 2 PO 4 ) 2 .CaSO 4 ], and potassium as potassium sulphate [K 2 SO 4 ] at one rate in the spring. Ammonium nitrate with limestone [Ca(NO 3 ) 2 .NH 4 NO 3 ] was used as a nitrogen fertilizer, whereas N fertilization strategy was a splitapplication with 50% of N in the spring and 50% of N in the summer. The treatments were arranged in a factorial design in which absence or presence of fertilization (NPK) and diff erent number of grazing cycles were imposed, i.e., a 2×3 factorial with paddocks as the experimental units. The treatments were labelled as indicated in Tab. III.
In practise, the plots were part of a larger pasture (total area with open plot: approximately 1 ha), on which 5 heads of heifers (350-400 kg live weight) were allowed to graze continually at the stocking rate of 1.2-1.5 LU/ha during each vegetation season and they were supplemented only with mineral salt. In terms of grazing cycles, the experimental paddocks were opened for animals and they consumed the forage within 5-7 days.
Parameters Evaluated
The botanical composition of grasslands was estimated for each plot divided into four smaller parts (50 m 2 ) to give four replicates. It was used the reduced projective dominance method (in %), where the sum of dominances for particular species is 100%. All plant species were categorized into three diff erent taxonomic groups (grasses, forbs, legumes).
Species diversity was determined as the total number of species recorded in particular treatments. Nomenclature of vascular plants was according to Kubát et al. (2002) . Further, it was measured using Simpson's diversity index (DI) modifi ed according to Klimeš (2000) (Eq. 1).
where p i .... projective dominance of the ith species and S .... total number of species (richness).
Data Analysis
Two-way ANOVA followed by post hoc comparison using Tukey's HSD test at the 0.05 level of signifi cance was used to evaluate signifi cant diff erences between treatments for dominance of diff erent taxonomic groups (grasses, legumes, forbs) and for diversity index (so ware Statistica v. 10). Redundancy analysis (RDA) in the CANOCO package (ter Braak and Šmilauer, 2002), followed by a Monte Carlo permutation test, was used to analyse the overall data about botanical composition. 
RESULTS
Botanical Composition
There were signifi cant diff erences (P < 0.05) found among study treatments and years for diff erent taxonomic groups -grasses, legumes and forbs in their projective dominance (Tab. IV). Additional mineral fertilization decreased the proportion of legumes under all types of intensity of utilization. Utilization of grassland with three and four grazing cycles per year had a positive eff ect on the dominance of legumes in the swards, whereas the maximum was achieved in the unfertilized moderate treatment (P3/0: 9.1%) in mean of years. The highest dominance of grasses was found under the extensive grassland utilization (two grazing cycles per year) with additional mineral fertilization (P2/NPK: 77.7%). Grassland managed with four grazing cycles per year (both fertilized and unfertilized) diff ered signifi cantly from the other treatments in the higher percentage of forbs (49.7% -P4/0; and 50.1% -P4/NPK).
Results of redundancy analysis are given in Tab. V. The inclusion of explanatory variables (treatment, time) explained 53.6% of the variability in species composition. When the eff ect of time was excluded as a covariate, the treatment explained 26.3% of variability in species composition. Fig. 1 shows infl uence of applied management on particular species during investigated period. First canonical axis (horizontal) shows that most important factor on species composition is number of grazing cycles per year which explained 20.2% of species variability. It is shown in the Fig. 1 , where P4 treatments were clearly separated on the right side opposite to P3 and P2 treatments on the le side. The second canonical axis was associated to fertilizing eff ect and separated unfertilized treatments in the upper part and fertilized treatments in the lower part of Fig. 1 . In contrast to fi rst axis, this eff ect explained only 4.1% of species variability. There is also visible interaction with number of grazing cycles, where fertilization aff ected botanical composition mainly in P3 treatment.
Regarding to particular species dominance, the P4 treatments were favour of grass species that are resistant to cattle treading and browsing (e.g. Lolium perenne). However, some forbs were also dominated in these treatments such as Capsella bursa-pastoris or Achillea millefolium. P3 and P2 treatments tended to higher dominance of tall grasses (e.g. Dactylis glomerata, Alopecurus pratensis) and of poor quality species or weeds (e.g. Rumex obtusifolius or Elytrigia repens) were found in the extensively utilized treatments, especially when mineral fertilizers were applied. Creeping species or species with a ground rosette (e.g. Trifolium repens, Taraxacum sect. Ruderalia) dominated unfertilized treatments with three grazing cycles per year. Regarding unfertilized extensively utilized grasslands some climbing legumes (Lathyrus pratensis, Vicia cracca) were observed, however only in a sporadic occurrence (data not shown in Fig. 1 ). 
IV: Reduced projective dominance (in %) of grasses, legumes and forbs between 2003 and 2010
Taxonomic
Species Diversity
As for the evaluation of species diversity it was found out, that the species richness (Fig. 2) was negatively infl uenced by additional mineral fertilization and also by grassland utilization in four grazing cycles per year (intensive treatment). The highest mean number of species was found in unfertilized treatments utilized in two grazing cycles per year (24 species) and in three grazing cycles per year (20 species).
The results of diversity index (Tab. VI), where one number expresses species richness and species dominance at the same time, showed that the unfertilized treatments had a signifi cantly higher value (P < 0.05) of diversity indexes (DI = 5.72) than fertilized (DI = 4.60). The highest value of the diversity index in the mean of years (DI = 6.08) was achieved in the moderate treatment (three grazing cycles per year) without mineral fertilization. It indicates a well-balanced community and better ecological conditions. In contrast, the lowest value of the diversity index (DI = 4.24) was found in the extensively utilized treatment (two grazing cycles per year) fertilized with NPK, which indicates an incidence of a stress factor.
DISCUSSION Botanical Composition
Plant community composition is responsive to timing and intensity of grazing, thus diff erent grazing methods could result in a fl oristic diff erentiation of phytocoenoses (Farnsworth and Anderson, 2001; Kobes et al., 2010; Dumont and Tallowin, 2011) . As published by Hejcmanová and Mládek (2012) , a key mechanism by which grazing herbivores shape the structure of plant communities is through selective (0) defoliation, which arises as the result of expression of herbivore dietary choices. Our results showed that eff ect of grazing intensity in terms of number of grazing cycles per year explained about fi ve times more variability of species composition in the pasture than evaluated fertilization. Further, we found that extensive grassland utilization together with mineral fertilization supported competitive herb and grass species and led to the suppression of small herbs and legumes in line with Maršálek et al. (2008) , who documented that grazing intensity should notably regulate pasture composition, i.e., support dominance of so stoloniferous strains of grasses and decrease occurrence of weeds and lowvalue strains of gramineous grasses. Legumes are recognized as an important component of permanent grasslands, because they may reduce energy footprint of cropping systems by reducing the need for nitrogen fertilizer, and improve the stability and health of agro-ecosystems. In organic cropping systems symbiotically fi xed N 2 is the most important external source of nitrogen (Lüchner et al., 2012) . Because legumes fi x nitrogen, which is done by symbiotic bacteria, the savings in nitrogen fertilizer and their superior nutritional value make them valuable components of most forage systems (Sakanoue, 2010) . However, when large amounts of nitrogen are applied, legumes slow down or shut down the nitrogen fi xation process. It is easier and less energy consuming for the plant to absorb nitrogen from the soil than to fi x it from air (Lindemann and Glover, 2003) . In our experiment, Trifolium repens and other creeping species or species with ground rosette (e.g. Taraxacum sect. Ruderalia) were independent on grazing intensity but dominated mainly on unfertilized treatments. It is in line with Annicchiarico and Proietti (2010) . Trifolium repens, in particular, is a weak competitor for light and nutrients relative to most grass companions in binary or complex legume-grass mixtures. Hence, an addition of nitrogen fertilizer may lead to a decline in legumes in the pasture and the botanical composition may change in favour for more competitive tall grasses, at least as far as extensive grasslands are concerned which is in agreement with our results.
1: Redundancy analysis of relationships between species composition of grazed treatments under different number of grazing cycles (2, 3, 4) with (NPK) or without
Species Diversity
The use of fertilizers, as the part of the grassland intensifi cation management, reduced the structural and fl oristic diversity of the sward within our study and also in the studies of Mrkvička and Veselá (2002) , Silva et al. (2008) , Britaňák et al. (2009) . Because the species richness was negatively infl uenced by additional mineral fertilization, our research emphasized the importance of a reduction of nutrients for sustainable conservation of grassland communities. Besides nitrogen, soil phosphorus content, in particular, is an important variable leading to a signifi cant negative eff ect on species richness as documented by Hejcman et al. (2007 Hejcman et al. ( , 2010 , Helsen et al. (2014) . Hence, it is always important to consider in advance if a locality or grassland is suitable for fertilization or for a certain type of utilization.
Based on our results we can further state, that not only fertilization, but also the grazing system off ers a potentially important tool for conservation management in accordance with Dumont and Tallowin (2011) . A non-linear relationship between the species diversity and the management intensity was also found by Pötsch et al. (2005) . Plant species richness has been shown to be favoured by a reduction of stocking rate in ecosystems with moderate to low soil fertility also in studies of Pöyry et al. (2006) and Scimone et al. (2007) . Fuhlendorf et al. (2006) documented that by the intensive grazing only some resistant species grew well in the sward, because less competitive plant species were excluded from the sward; thus the species diversity declined. Kobes et al. (2010) , who evaluated the infl uence of diff erent grazing systems (continuous and rotational) on botanical composition, found the highest species diversity by rotational grazing with three grazing cycles per year in line with our results. Generally, moderately intense grazing leads to enrichment in species composition in conditions where the competitively dominant plants suff er, but subordinate species face no substantial detrimental eff ects (Harper, 1977) . In this case, both competitive and less competitive species may co-exist, which results in species-rich vegetation stands. This is the cornerstone of the intermediate disturbance hypothesis (Huston, 1979; Milchunas et al., 1988) .
CONCLUSION
Diff erent levels of grazing utilization (two, three and four grazing cycles per year) and mineral fertilization (nil-fertilization; N 100 P 30 K 60 ) were evaluated with respect to botanical composition and fl oristic diversity based on the study of pasture trial in the locality of Rapotín (Czech Republic, 332 m a.s.l.) during [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] . We found that, species diversity was negatively infl uenced by mineral fertilization, which was the most signifi cant particularly when two grazing cycles per year were imposed. Moderate treatment (three grazing cycles per year) without additional mineral fertilization showed the highest value of the diversity, which indicates a well-balanced community and better ecological conditions. In this treatment the maximum dominance of high-quality legumes, mainly Trifolium repens, was recorded. The highest dominance of grasses (D max = 77.7%) was achieved with the fertilized treatment utilized in two grazing cycles per year, mainly for Dactylis glomerata and Elytrigia repens. Based on RDA results, tested management treatments explained 26% of species composition variability, where eff ect of number of grazing cycles per year was fi ve-times higher than eff ect of fertilization. Based on our results we recommend grassland utilization in three grazing cycles per year as the most suitable way from the viewpoints of both species diversity and botanical composition of pastures in similar site conditions. Pasture fertilization should be more controlled by careful consideration of individual pasture goals (production for animals, time of forage needs, species present, expected methods of management). If there is a goal to maintain legumes in a stand, then grasses should be kept slightly nitrogen defi cient. Additional nitrogen fertilization is not generally required if there is more than one-third of legumes in the stand uniformly distributed throughout the fi eld.
